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Spivak, 

(57) ABSTRACT 

A fixing device that fixes an image on a recording medium 
includes a rotatable endless belt, deployed in a loop Supported 
by rollers, a nip forming member provided inside the loop 
formed by the belt, a support member that supports the nip 
forming member, a counter rotation body disposed outside 
the loop formed by the belt and configured to form a nip with 
the belt by being in contact with the nip forming member 
through the belt, and a heat source configured to heat the belt 
directly by a radiant heat except at the nip. The Support 
member includes a base portion that contacts the nip forming 
member and two arms extending from the base portion in a 
direction away from the nip forming member to partially 
Surround a part of heat generating portion of the heat source. 

8 Claims, 7 Drawing Sheets 
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FXING DEVICE AND IMAGE FORMING 
APPARATUS INCORPORATING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 5 

This patent application is based on and claims priority 
pursuant to 35 U.S.C. S 119 to Japanese Patent Application 
No. 2012-005167, filed on Jan. 13, 2012, in the Japanese 
Patent Office, the entire disclosure of which is hereby incor- 10 
porated by reference herein. 

BACKGROUND OF THE INVENTION 

15 
1. Field of the Invention 
This invention relates to a fixing device which fixes an 

image on a recording medium and to an image forming appa 
ratus incorporating the fixing device. 

2. Description of the Related Art 2O 
As a fixing device used for a variety of image forming 

apparatuses such as copiers, printers, facsimiles, multifunc 
tion apparatuses that print, fax, copy, and so on, a device 
which includes a thin fixing belt consisting of a metal Sub 
strate and an elastic rubber layer is known. Use of such a thin 25 
fixing belt which has a low heat capacity makes it possible to 
drastically reduce the amount of energy required to heat the 
fixing belt to required temperatures. Accordingly, it is pos 
sible to shorten a warm-up time (e.g., at power-up, a time 
required to go from a room temperature to a predetermined 30 
temperature (reload temperature) for printing), and a time to 
first print (i.e., a time to completion of the paper output after 
performing printing operation including preparation for 
printing after receiving a print request). Conventionally, as 
shown in FIG. 1, such a fixing device includes an endless belt 35 
(fixing belt) 100 formed into a loop, a pipe-shaped metal heat 
conduction member 200 disposed within the loop formed by 
the endless belt 100, a heat source 300 disposed inside the 
metal heat conductor 200, and a pressure roller 400 to form a 
nip portion N by contacting the metal heat conductor 200 via 40 
endless belt 100 (See JP-2007-334205-A). 

In this case, the endless belt 100 is rotated by the rotation of 
the pressure roller 400, and at this time, the metal heat con 
ductor 200 guides the movement of the endless belt 100. 
Further, since the endless belt 100 is heated by the heat source 45 
300 disposed inside the metal heat conductor 200 via the 
metal heat conductor 200, it becomes possible to warm the 
entire endless belt 100. Accordingly, it is possible to shorten 
the time to first print from the heating wait state and overcome 
the shortage of heat during high speed operation. 50 

In order to achieve further improvement of the energy 
efficiency and time to first print, a fixing device which heats 
the endless belt directly (without heating through the metal 
heat conductor) has been proposed (See JP-2007-233011-A). 

In the example shown in FIG. 2, the pipe-shaped metal heat 55 
conductor is not provided inside the endless belt 100. Instead, 
a planar nip forming member 500 is provided at a position 
facing a pressure roller 400. In this case, since it is possible to 
heat the endless belt 100 directly by the heat source 300 at a 
portion other than the portion where the nip forming member 60 
500 is disposed, heat transfer efficiency is significantly 
improved and power consumption can be reduced. Accord 
ingly, it is possible to further shorten time to first print. Fur 
ther, since the metal heat conductor is not provided, cost 
reduction can be also expected. 65 
A variety of fixing devices which heats the endless belt 

directly is known. 

2 
FIG.3 is another example of a fixing device which heats the 

endless belt directly. The fixing device shown in FIG. 3 
includes a nip forming member 500 and a shielding member 
700 that shields heat from a heat source 300 to a support 
member 600 that supports the nip forming member 500 (See 
JP-2010-20248-A). In this device, in the cross-sectional view 
perpendicular to the axial direction of the endless belt 100, the 
shielding member 700 has a convex shape toward the heat 
source 300. The shielding member 700 is formed in this way 
so as to increase the area of the endless belt 100 to be heated 
directly. 

FIG. 4 is another example of a fixing device. The fixing 
device shown in FIG. 4 includes a reflective member (reflec 
tor) 800 which reflects the radiation light emitted from the 
heat source 300 to the endless belt 100. The reflective member 
800 is formed of a support portion 800b disposed in substan 
tially vertical direction, and a pressure receiving portion 800a 
projecting in Substantially horizontal direction from the lower 
end of the support portion 800b (side end portion of the 
pressure roller 400), and a radiation adjusting section 800c 
projecting in Substantially horizontal direction from the upper 
end portion of the support portion 800b (endportion opposite 
to the pressure roller 400) (See JP-2010-78839-A). In the 
radiation adjusting section 800c, a plurality of cutouts are 
formed in the width direction of the endless belt 100. There 
fore, the occurrence of unevenness of the temperature of the 
belt surface is prevented by varying the radiation time of the 
radiation light for the endless belt 100 in the belt width direc 
tion. 
As described above, by heating the endless belt directly, it 

becomes possible to achieve high energy efficiency and 
shorten the time to first print. However, there are drawbacks. 
One of them is the thermal deformation of the endless belt 
called kinking. Kinking is a phenomenon in which localized 
thermal expansion occurs when a part of the belt in the cir 
cumferential direction is heated rapidly so that the endless 
belt is deformed due to the expansion difference between the 
part being heated and the part that is not heated directly. 
Particularly in the configuration using an extremely thin end 
less belt to improve energy efficiency and time to first print 
which is popular in the recent years, the possibility of kinking 
occurring is increased because the endless belt is likely to be 
heated. 
As a way to avoid kinking, a method in which a broad area 

of the endless belt is heated may be used. However, when the 
area of the endless belt to be heated is too broad, components 
other than the fixing belt which do not need to be heated may 
be heated up, resulting in a new problem, for example, heating 
efficiency deteriorates. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the above 
points, and provides an improved fixing device that includes 
a rotatable endless belt, deployed in a loop supported by 
rollers, a nip forming member provided inside the loop 
formed by the belt, a support member that supports the nip 
forming member, a counter rotation body disposed outside 
the loop formed by the belt and configured to form a nip with 
the belt by being in contact with the nip forming member 
through the belt, and a heat source configured to heat the belt 
directly by a radiant heat except at the nip. The Support 
member includes a base portion that contacts the nip forming 
member and two arms extending from the base portion in a 
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direction away from the nip forming member to partially 
Surround a part of heat generating portion of the heat source. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

A more complete appreciation of the invention and many of 
the advantages thereof may be obtained as the same become 
better understood by reference to the following detailed 
description when considered in connection with the accom 
panying drawings, wherein: 

FIG. 1 is a schematic diagram of a conventional fixing 
device using a fixing belt; 

FIG. 2 is a schematic diagram of a conventional fixing 
device employing a direct heating method; 

FIG. 3 is a schematic diagram of another conventional 
fixing device using a direct heating method; 

FIG. 4 is a schematic diagram of another conventional 
fixing device using a direct heating method; 

FIG. 5 is a schematic diagram of an embodiment of an 
image forming apparatus according to the present invention; 

FIG. 6 is a schematic diagram of a fixing device mounted in 
the image forming apparatus; 

FIG. 7A is a perspective view of an endportion of the fixing 
belt; 

FIG. 7B is a plane view of the end portion of the fixing belt; 
FIG.7C is a side view of the end portion of the fixing belt 

viewing from a direction of the rotation axis of the fixing belt; 
FIG. 8 is a schematic diagram illustrating a stay: 
FIG. 9 is a modification example of the stay; and 
FIG. 10 is a schematic diagram of anther embodiment of 

the fixing device according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention are described below 
with reference to the accompanying drawings. In the draw 
ings, identical reference characters are assigned to identical 
or similar members, and the redundant descriptions thereof 
are omitted. 

Referring to FIG. 5, an embodiment of the image forming 
apparatus according to the present invention is described. The 
image forming apparatus 1 shown in FIG. 5 is a color laser 
printer. In the center of the image forming apparatus 1, four 
image forming units, 4Y. 4M, 4C and 4K are provided. The 
respective image forming units, 4Y. 4M, 4C and 4K have the 
identical configuration excepting that they store the developer 
of different colors, yellow (Y), magenta (M), cyan (C) and 
black (K) that correspond to the separate color components of 
a color image. 
More specifically, each image forming unit 4Y.4M, 4C and 

4K, includes a drum shaped photoreceptor 5 that is a latent 
image bearing member, a charging device 6 that charges the 
surface of the photoreceptor 5, a developing device 7 that 
supplies toner to the surface of the photoreceptor 5, and a 
cleaning device 8 that cleans the surface of the photoreceptor 
5. In FIG. 5, reference characters are assigned only to the 
photoreceptor 5, the charging device 6, the developing device 
7 and the cleaning device 8 provided in the image forming 
unit 4K, and are omitted in the other image forming units 4Y. 
4M and 4C. 

Underneath each image forming unit 4Y. 4M, 4C and 4K, 
an exposure device 9 that exposes the surface of the photore 
ceptor 5 is provided. The exposure device 9 includes a light 
Source, a polygon mirror, a f-0 lens, and a reflection mirror, 
etc. so that the surface of each photoreceptor 5 is irradiated 
with a laser light beam based on image data. 

10 
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4 
Above each image forming unit 4Y. 4M, 4C and 4K, a 

transfer device 3 is provided. The transfer device 3 includes 
an intermediate transfer belt 30 that is a transfer body, four 
primary transfer rollers 31 that are the primary transfer 
means, a secondary transfer roller 36 that is the secondary 
transfer means, a secondary transfer backup roller32, a clean 
ing backup roller 33, a tension roller 34, and a belt cleaning 
device 35. 
The intermediate transfer belt 30 is an endless belt, 

extended and wound around a secondary transfer backup 
roller 32, a cleaning backup roller 33 and a tension roller 34. 
The intermediate transfer belt 30 rotates in the direction indi 
cated by the arrow in the FIG. 5 when the secondary transfer 
backup roller 32 is driven to rotate. 

Each of the four primary transfer rollers 31 sandwiches the 
intermediate transfer belt 30 with the photoreceptor 5 to form 
a respective primary transfer nip. Further, each primary trans 
ferroller 31 is connected to a power supply, not shown, so that 
a predetermined direct Voltage (DC) and/or an alternating 
Voltage (AC) are applied to the respective primary transfer 
rollers 31. 
The secondary transfer roller 36 sandwiches the interme 

diate transfer belt 30 with the secondary transfer backup 
roller32 to form a secondary transfer nip. Further, similarly to 
the primary transfer rollers 31, the secondary transfer roller 
36 is connected to a power Supply, not shown, so that a 
predetermined direct Voltage (DC) and/or an alternating Volt 
age (AC) is applied to the secondary transfer roller 36. 
The belt cleaning device 35 includes a cleaning brush and 

a cleaning blade disposed to contact the intermediate transfer 
belt 30. A waste toner transfer hose, not shown, extending 
from the belt cleaning device 35 is connected to an intake of 
a waste toner container, not shown. 
At a top portion of the main body of the printer, a bottle 

container 2 is provided. In the bottle container 2, four toner 
bottles 2Y, 2M, 2C and 2K storing the toner for resupplying 
the toner are detachably provided. Supply routes, not shown, 
are provided between the respective toner bottles 2Y, 2M, 2C 
and 2K and the respective developing units 7. The toner is 
supplied to each developing unit 7 from the respective toner 
bottles 2Y, 2M, 2C and 2K via the supply routes. 

Meanwhile, at the lower part of the main body of the 
printer, a paper feed tray 10 that stores papers P that are 
recording mediums, and a paper feeding roller 11 to feed the 
paper P from the paper feed tray 10 are provided. In this case, 
in addition to plain paper, the recording medium may be 
cardboard, a postcard, an envelope, thin paper, coated paper 
(for example, art paper, etc.), tracing paper, an OHP sheet and 
so on. Optionally, a manual paper feed mechanism may be 
also provided. 

In the main body of the printer, a conveyance path R to 
output the paper P to the outside the apparatus passes through 
the secondary transfer nip from the paper feed tray 10. Along 
the conveyance path R, a pair of registration rollers 12 which 
serves as a conveyance means to convey the paper P to the 
secondary transfer nip is provided at the upstream side in the 
paper conveyance direction from the position of the second 
ary transfer roller 36. 

Further, a fixing device 20 to fix the unfixed image trans 
ferred to the sheet P is provided at the downstream side in the 
paper conveying direction from the secondary transfer roller 
36. A pair of paper output rollers 13 to output the paper to the 
outside of the apparatus is provided at the downstream side 
from the fixing device 20 in the paper conveyance direction 
along the conveyance path P. Further, a paper output tray 14 to 
stack the paper output to the outside of the apparatus is pro 
vided at the top of the printer. 
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The basic operation of an embodiment of the printer 
according to the present invention is described referring to 
FIG.S. 
When the image forming operation is started, each photo 

receptor 5 of the image forming units 4Y. 4M, 4C and 4K is 
driven to rotate in the clockwise direction in FIG. 5, by a drive 
unit, not shown, and the Surface of the respective photorecep 
tors 5 is charged uniformly at a predetermined polarity by a 
charging unit 6. A laser beam is radiated from the exposure 
unit 9 to irradiate the surface of the photoreceptors 5 so as to 
form an electrostatic latent image on the Surface of the pho 
toreceptors 5, respectively. At this time, the image informa 
tion to be exposed at each photoreceptor 5 is the monochro 
matic image data decomposed into yellow, magenta, cyanand 
black from the desired full color image. The electrostatic 
latent image formed on the photoreceptor 5 in this manner is 
rendered visible as a toner image by Supplying the toner to the 
electrostatic latent image from each developing device 7. 
When the image forming operation is started, the second 

ary transfer backup roller 32 is driven to rotate counterclock 
wise in FIG. 5 so that the intermediate transfer belt 30 is 
rotated in the direction shown by the arrow in FIG. 5, and a 
charge which has the opposite polarity to the polarity of the 
toner and is controlled at a constant Voltage or a constant 
current is applied to each primary transfer roller 31. With this 
process, a transfer electric field is formed at the primary 
transfer nip between the primary transfer roller 31 and the 
photoreceptor 5. 

Then, when the toner image of each color on the photore 
ceptor 5 has reached the primary transfer nip with the rotation 
of each photoreceptor 5, the toner image on each photorecep 
tor 5 is transferred sequentially and superimposed on the 
intermediate transfer belt 30 by the transfer electric field 
formed in the primary transfer nip. Thus, a full color toner 
image is held on the surface of the intermediate transfer belt 
30. Further, remaining toner on each photoreceptor 5 which 
was not transferred to the intermediate transfer belt 30 is 
removed by the cleaning unit 8. After that, the surface of each 
photoreceptor 5 is discharged by a neutralizing unit, not 
shown, so that the Surface potential is initialized. 
At the bottom of the image forming apparatus, a paper 

feeding roller 11 starts to be driven to rotate, and the paper P 
is fed to the conveyance path R from the paper feed tray 10. 
The paper P fed to the conveyance path R is sent to the 
secondary transfer nip between the secondary transfer roller 
36 and the secondary transfer backup roller 32 at a timing 
controlled by the registration roller 12. At this moment, a 
transfer Voltage having a polarity opposite to the polarity of 
the toner of the toner image on the intermediate transfer belt 
30 is applied so that a transfer electric field is formed in the 
secondary transfer nip. 

After that, while the intermediate transfer belt30 is rotated, 
when the toner image on the intermediate transfer belt 30 
reaches the second transfer nip, the toner image on the inter 
mediate transfer belt 30 is transferred onto the paper P by the 
transfer electric field formed in the secondary transfer nip. 
Further, at this time, the residual toner on the intermediate 
transfer belt 30 which was not transferred to the paper P is 
removed by the belt cleaning unit 35, the removed toner is 
conveyed to the waste toner container to be collected. 

Then, the paper P is conveyed to the fixing device 20, and, 
the toner image is fixed to the paper P. The paper P is output 
to the outside of the apparatus and Stacked on the paper output 
tray 14. 

The above description is of the image forming operation 
for forming a full color image on the paper. However, a 
monochromatic image may be formed by using one of the 
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6 
four image forming units 4Y. 4M, 4C and 4K, or two color or 
three-color images may be formed by using two or three 
image forming units. 

Next, a configuration of the fixing device 20 is described 
based on FIG. 6. 
As shown in FIG. 6, the fixing device 20 includes a fixing 

belt 21 that is a rotatable fixing rotating body, a pressure roller 
22 which is a rotatable counter rotating body and is rotatably 
provided to face the fixing belt 21, a halogen heater 23 that is 
aheating Source to heat the fixing belt 21 by radiantheat, a nip 
forming member 24 disposed inside the fixing belt 21, a stay 
25 that is a Support member to Support the nip forming mem 
ber 24, a reflective member 26 which reflects the light emitted 
from the halogen heater 23 to the fixing belt 21, a temperature 
sensor 27 that is a temperature detecting means to detect the 
temperature of the fixing belt 21, a separation member 28 to 
separate the paper from the fixing belt 21, a biasing means, 
not shown, to bias the pressure roller 22 to the fixing belt 21, 
and so on. 
The fixing belt 21 is formed of a thin and flexible endless 

belt member. Alternatively, instead of a belt, a film may be 
used. More specifically, the fixing belt 21 includes a substrate 
material formed of a metallic material such as nickel or SUS 
etc., or a resin material Such as polyimide (PI), etc. at the inner 
peripheral side, and a release layer formed of tetrafluoroety 
lene-perfluoroalkylvinylether copolymer (PFA), or polytet 
rafluoroethylene (PTFE), etc. at the outer peripheral side. 
Further, an elastic layer made of rubber material such as 
silicone rubber, foamed silicone rubber, or fluoro rubber may 
be interposed between the substrate material and the release 
layer. 
The pressure roller 22 includes a metal core 22a, an elastic 

layer 22b formed of foamed silicone rubber, silicone rubber, 
fluorine rubber, etc. provided on a surface of the metal core 
22a, and a release layer 22c formed of PFA, PTFE, etc. 
provided on the surface of the elastic layer 22b. The pressure 
roller 22 is pressed against the fixing belt 21 by a biasing 
means, not shown, to contact the nip forming member 24 
through the fixing belt 21. At the point where the pressure 
roller 22 is pressed against the fixing belt 21, the elastic layer 
22b of the pressure roller 22 is compressed so that a nip 
portion N having a predetermined width thereat is formed. 
Further, the pressure roller 22 is configured to be driven to 
rotate by a drive device Such as a motor, not shown, provided 
in the main body of the printer. When the pressure roller 22 is 
driven to rotate, the driving force is transmitted to the fixing 
belt 21 at the nip portion N to rotate the fixing belt 21 in 
accordance with the rotation of the pressure roller 22. 

Although in this embodiment, the pressure roller 22 is a 
solid roller, alternatively, it may be a hollow roller. In that 
case, the heat Source Such as a halogenheater may be disposed 
inside the pressure roller 22. When there is no elastic layer, 
the heat capacity decreases so that the fixing performance is 
improved. However, there is a possibility that tiny irregulari 
ties on the surface of the belt are transferred to the recording 
medium sheet and cause gloss unevenness in the Solid image 
when unfixed toner is compressed and fixed. To prevent this 
problem, it is desirable to provide an elastic layer of a thick 
ness of more than 100 um because tiny irregularities can be 
absorbed by elastic deformation of the elastic layer by pro 
viding the elastic layer of that thickness. Accordingly, it is 
possible to avoid the occurrence of the gloss unevenness. The 
elastic layer 22b may be solid rubber. When the heat source is 
not provided inside the pressure roller 22, Sponge rubber may 
be used. Sponge rubber is more preferable because the ther 
mal insulation performance is increased so that the heat of the 
fixing belt 21 is hardly reduced. Further, the above-described 
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structure is not limited to a configuration in which the fixing 
rotating body and the counter rotating body contact to each 
other firmly. Alternatively, a configuration in which the fixing 
rotating body touches the counter rotating body only slightly 
without applying any Substantial pressure is also possible. 
As for the halogen heater 23, both ends of the halogen 

heater 23 are fixed to the side plates, not shown, of the fixing 
device 20. It is configured that the output of the halogenheater 
23 is controlled by a power supply unit provided in the main 
body of the printer to generate and output the heat. The output 
control is performed based on the detection result of the 
surface temperature of the fixing belt 21 detected by the 
temperature sensor 27. By this output control of the heater 23, 
the temperature of the fixing belt 21 (fixing temperature) can 
be set to a desired temperature. Further, as the heat source, it 
is possible to use an induction heater (IH), a resistance heat 
ing element and a carbon heater, etc. other than the halogen 
heater. 

The nip forming member 24 includes a base pad 241 and a 
sliding sheet 240 (low-friction sheet) provided on the surface 
of the base pad 241. The base pad 241 extends continuously 
over the axial direction of the fixing belt 21 or the axial 
direction of the pressure roller 22 and determines the shape of 
the nip portion N by receiving the pressure of the pressure 
roller 22. Further, the base pad 241 is fixedly supported by a 
stay 25. This prevents the deflection in the nip forming mem 
ber 24 from occurring under the pressure by the pressure 
roller 22 so that a uniform nip width can be obtained over the 
axial direction of the pressure roller 22. In order to prevent the 
deflection of the nip forming member 24 from occurring, it is 
desirable to form the stay 25 with a metal material having 
high mechanical strength, such as stainless steel or iron. Fur 
ther, it is also desired to form the base pad 241 with a hard 
material to some extent to ensure the strength. As the material 
for the base pad 241, a resin Such as liquid crystal polymer 
(LCP), etc., or a metal, or a ceramic may be used. 

Further, the nip forming member 24 is formed of a heat 
resistant member able to withstand temperatures above 200° 
C. With this configuration, it is possible to avoid the defor 
mation of the nip forming member 24 by the heat of a tem 
perature in the toner fixing temperature range, and ensure a 
stable state of the nip portion N so as to keep the output image 
quality stable. The nip forming member 24 may be formed 
using common heat-resistant resins such as polyetherSulfone 
(PES), poly phenylene sulfide resin (PPS), liquid crystal 
polymer (LCP), polyether nitrile (PEN), polyamide imide 
(PAI), polyetheretherketone (PEEK) and so on. 
The sliding sheet 240 may be disposed at least on a surface 

of the base pad 241 which faces the fixing belt 21. With this 
configuration, when the fixing belt 21 is rotated, the fixing 
belt 21 slides over the low-friction sheet so that the driving 
torque generated in the fixing belt 21 is reduced so as to 
reduce the load generated by friction with the fixing belt 21. 
Alternatively, it is also possible to employ a configuration in 
which a sliding sheet is not provided. 

The reflective member 26 is disposed between the stay 25 
and the halogen heater 23. In this embodiment, the reflective 
member 26 is fixed to the stay 25. Aluminum or stainless steel 
and the like may be used as the material for the reflective 
member 26. Since the reflective member 26 is provided in this 
way, the light emitted from the halogen heater 23 to the stay 
25 is reflected onto the fixing belt 21. Accordingly, it is 
possible to increase the amount of light to be radiated onto the 
fixing belt 21, thereby heating the fixing belt 21 efficiently. 
Further, it is possible to suppress the radiant heat being trans 
mitted to the stay 25 and the like from the halogen heater 23 
So as to also achieve energy saving. 
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8 
In the fixing device 20 according to the present invention, 

the fixing belt 21 can be heated directly at portions other than 
the fixing nip portion N by the halogen heater 23 (direct 
heating method). In this embodiment, no member is provided 
between the halogen heater 23 and the left part of the fixing 
belt 21 in FIG. 6 so that the radiantheat can be applied directly 
to the fixing belt 21 from the halogen heater 23 in that part. 

Further, in order to provide a fixing belt of a low heat 
capacity, the fixing belt 21 is formed to be thin and have a 
Small diameter in its looped configuration. More specifically, 
the thicknesses of the base material, the elastic layer, and a 
release layer which form the fixing belt 21 ranges between 20 
and 50 um, between 100 and 300 um, and between 10 and 50 
um, respectively, so as to set the total thickness of the fixing 
belt 21 at less than 1 mm. Further, the diameter of the fixing 
belt 21 is between 20 and 40 mm. In order to provide a fixing 
belt 21 of an even lower heat capacity, it is preferable that the 
overall thickness of the fixing belt 21 be equal to or less than 
0.2 mm, more preferably less than or equal to 0.16 mm. 
Further, it is preferable that the diameter of the fixing belt 21 
be equal to or less than 30 mm. 

In this embodiment, the diameter of the pressure roller 22 
is between 20 and 40 mm so that the diameter of the fixing belt 
21 is configured to be equal to the diameter of the pressure 
roller 22. Alternatively, the diameter of the fixing belt 21 may 
be less than the diameter of the pressure roller 22. Such 
arrangement, in which the curvature of the fixing belt 21 in the 
nip portion N is smaller than the curvature of the pressure 
roller 22, facilitates separation of the recording medium from 
the nip portion N. 

FIGS. 7A, 7B and 7C are views showing the configuration 
of the end portion of the fixing belt. FIG. 7A is a perspective 
view of the end portion of the fixing belt, FIG. 7B is a plane 
view of the end portion of the fixing belt, and FIG.7C is a side 
view viewing from the axial direction of the fixing belt. In 
FIGS. 7A, 7B and 7C, only the configuration of the one end 
portion is shown, however, the other end portion has the 
similar configuration to the end portion shown. Accordingly, 
only the configuration of the one end portion is described 
below based on FIGS. 7A, 7B and 7C. 
As shown in FIG. 7A and FIG. 7B, a belt holding member 

40 is inserted into the end portion of the fixing belt 21 so that 
the end of the fixing belt 21 is held rotatably by the belt 
holding member 40. As shown in FIG. 7C, the belt holding 
member 40 is formed to have a C shape in cross-section with 
an opening at the position of the nip portion (position where 
the nip forming member 24 is provided). Further, the end 
portion of the stay 25 is fixed to the belt holding member 40 
to position the stay 25 in place. 

Further, as shown in FIG. 7A and FIG. 7B, a slip ring 41 
that serves as a protection member to protect the end portion 
of the fixing belt 21 is provided between the end surface of the 
fixing belt 21 and the counter surface of the belt holding 
member 40 that faces the end surface of the fixing belt 21. 
Accordingly, even when a wrinkle is generated in the axial 
direction of the fixing belt 21, it is possible to prevent the end 
portion of the fixing belt 21 from contacting the counter 
surface of the belt holding member 40 directly and prevent the 
end portion from being damaged. Further, the slip ring 41 is 
fitted to the belt holding member 40 with a sufficient margin 
that the slip ring 41 can be rotated in accordance with move 
ment of the fixing belt 21 when the end portion of the fixing 
belt 21 is in contact with the slip ring 41. Alternatively, the slip 
ring need not rotate, but can remain stationary. As the material 
of the slip ring 41, it is preferable to employ so-called super 
engineering plastics having excellent heat resistance, for 
example, PEEK, PPS, PAI, PTFE, and the like. 
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The drawings are not shown, however, at the two ends of 
the fixing belt 21 in the axial direction, a shielding member is 
disposed between the fixing belt 21 and the halogen heater 23 
to shield the heat from the halogen heater 23. More specifi 
cally, the shielding member is disposed outside the area cor 
responding to the maximum paper width. By contrast, the 
reflective member 26 is disposed in the area corresponding to 
the maximum paper width. Therefore, particularly, it is pos 
sible to Suppress excessive temperature rise in the area of the 
fixing belt over which the paper does not pass during continu 
ous paper feed and prevent the fixing belt from being 
degraded or damaged by the heat of the fixing belt. 
The basic operation of the fixing device according to the 

present embodiment is described referring to FIG. 6. 
When the power switch of the main body of the printer is 

turned on, power is Supplied to the halogen heater 23 and the 
pressure roller 22 is started to rotate in a clockwise direction 
in FIG. 6. Therefore, the fixing belt 21 is driven to rotate in 
accordance with the rotation of the pressure roller 22 in a 
counterclockwise direction in FIG. 6 by the frictional force 
between the fixing belt 21 and the pressure roller 22. 

Then, the paper P carrying unfixed toner image T formed in 
the image forming process described above is guided by the 
guide plate, not shown, and conveyed in the direction shown 
by the arrow A1 in FIG. 6, and fed to the nip portion N 
between the fixing belt 21 and the pressure roller 22 which 
contact firmly to each other. Then, the toner image T on the 
surface of the paper P is fixed by heat of the fixing belt 21 
heated by the halogen heater 23 and the pressure between the 
fixing belt 21 and the pressure roller 22. 
The paper Phaving a fixed toner image T is conveyed in the 

direction shown by the arrow A2 in FIG. 6. At this moment, 
when the leading end of the paper P contacts the top end of the 
separation member 28, the paper P is separated from the 
fixing belt 21. Then, the separated paper P is output to the 
outside the apparatus, and is stacked in the paper output tray. 
The configuration of the stay is described in more detail 

below. 
As shown in FIG. 8, the stay 25 includes a base portion 25a 

being in contact with the nip forming member 24 and extend 
ing in the paper conveyance direction (the vertical direction in 
FIG. 8), and a pair of arms 25b continuous with the base 
portion 25a and extending perpendicular to the base portion 
25a from each end of the upstream side and the downstream 
side of the base portion 25a in the paper conveyance direc 
tion, in a pressing direction of the pressure roller 22 (towards 
the left side of FIG. 8). The pair of the arms 25b is disposed at 
a certain distance from each other in the paper conveyance 
direction, such that the respective arms 25b are disposed 
outside the two ends of the nip portion N in the paper con 
veyance direction (the position of the dotted line in the FIG. 
8). In other words, the arm 25b of the upstream side (lower 
side in FIG. 8) of the pair of the arms 25b in the paper 
conveyance direction is disposed upstream from the upstream 
end portion of the nip portion N in the paper conveyance 
direction. The arm 25b of the downstream side (upper side in 
FIG. 8) is disposed downstream from the downstream end 
portion of the nip portion N in the paper conveyance direc 
tion. 
As shown in FIG. 8, the halogen heater 23 is surrounded by 

the stay 25 configured as described above. More specifically, 
a part of the heat generating portion of the halogen heater 23 
in the circumferential direction of the belt (consisting of the 
three sides that are the top, the bottom, and the right sides in 
FIG. 8) is surrounded by the base portion 25a and the pair of 
arms 25b. The other portion is not surrounded by the stay 25 
so as to heat the fixing belt 21 directly thereat. 
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10 
Further, in this embodiment, since the reflective member 

26 is provided in the stay 25, a part of the heat generating 
portion of the halogen heater 23 in the circumferential direc 
tion of the belt is surrounded by the reflective member 26. 
More specifically, the reflective member is formed to have a 
concave shape, and the heat source is disposed inside the 
portion formed to have a concave shape so that a part of the 
heat generating portion of the halogen heater 23 is Surrounded 
by the reflective member 26. 

Thus, in the apparatus according to the present invention, 
since a part of the heat generating portion of the halogen 
heater 23 is surrounded by the stay 25 and the reflective 
member 26, the region in which the fixing belt 21 is directly 
heated is determined to be within a predetermined range. 
More specifically, in FIG. 8, when a region Q where the light 
is radiated directly onto the fixing belt 21 from the center of 
the heat generating portion of the halogen heater 23 (without 
going through the reflective member 26) is defined as the 
direct heating range, the direct heating region Q is set to be 
equal to or more than /3 and equal to or less than /2 of the 
circumferential length of the belt. When the direct heating 
area Q is less than /3 of the circumferential length of the belt, 
the region of the fixing belt 21 to be heated directly becomes 
narrow and the fixing belt 21 is expanded thermally and 
locally, accordingly, the deformation called kinking happens. 
By contrast, when the direct heating range Q exceeds /2 of the 
circumferential length of the belt, the direct heating range Q 
becomes too wide and the components which are not needed 
to be heated are heated other than the fixing belt 21, as a result, 
the heating efficiency is lowered. 

Thus, by setting the direct heating region Q with the appro 
priate range as described above, it is possible to avoid kinking 
of the fixing belt 21 and heat the fixing belt 21 efficiently. 
Therefore, it is possible to improve energy efficiency, shorten 
the time to first print and provide a fixing device which can 
maintain a good fixing capability. In the embodiment, the 
direct heating region Q is set to /3 of the circumferential 
length of the belt. 

Further, in the embodiment, the reflective member 26 is 
disposed between the halogen heater 23 and the stay 25 so as 
to cover the surface of the stay 25 at the halogen heater 23 side 
by the reflective member 26. With this configuration, it is 
possible to suppress the radiant heat being transmitted to the 
stay 25 from the halogen heater 23 so as to achieve energy 
saving and further shorten time to first print. 
When the reflective member 26 is disposed close to the 

halogen heater 23, the ratio of the radiant heat reflected by the 
reflective member 26 which the halogen heater 23 itself 
receives increases. Therefore, when the reflective member 26 
is disposed at a position closer to the stay 25 than the halogen 
heater 23, the heat to be applied to the fixing belt 21 is 
increased so as to improve the heating efficiency. Further, in 
the embodiment, the reflective member 26 is fixed to the stay 
25 to determine the position of the reflective member 26. 
However, heat is transmitted from the reflective member 26 to 
the stay 25 at the contacting portion between them. Accord 
ingly, it is desirable that the contacting portion be as Small as 
possible. 

Further, in this embodiment, the stay 25 is configured in the 
way as described above so that the mechanical strength of the 
stay 25 is improved. More specifically, the stay 25 includes a 
pair of arms 25b extending towards the pressing direction of 
the pressure roller 22 so that the stay 25 has a horizontally 
long cross sectional shape extending in the pressure direction 
of the pressure roller 22 to increase the section modulus, 
thereby improving the mechanical strength of the stay 25. 



US 8,953,994 B2 
11 

In the conventional apparatus shown in FIG. 4, a reflective 
member 800 includes a support portion 800b extending in the 
pressure direction of the pressure roller 400, however, since 
this support portion 800b is disposed at the center of the nip 
portion N, it is not possible to support the load at the top 
portion of the pressure receiving portion 8.00a. Accordingly, 
if the stay 25 having a shape like the reflective member 800 
shown in FIG. 4 is employed in the fixing device according to 
the present embodiment, deflection may occur at a portion 
which corresponds to the top portion of the pressure receiving 
portion 800a. 

In this embodiment, however, a pair of arms 25b is pro 
vided at the two ends of the base portion 25a. Accordingly, the 
strength at the two ends of the base portion 25a can be 
improved so that it is possible to avoid the deflection forma 
tion at the two ends. More specifically, since a pair of arms 
25b is provided at a distance from each other, the strength of 
the base portion 25a between the two arms 25b is improved. 
Further, since a pair of arms 25b is disposed at the outer 
position than the two ends of the nip forming portion N, the 
base portion 25a can be supported at a position outside the 
region in which the pressure of the pressing roller 22 is 
generated. 

Thus, in this embodiment, the mechanical strength of the 
stay 25 is improved as a whole. Accordingly, it is possible to 
prevent the deflection of the nip forming member 24 due to 
the contact of the pressure roller 22 from occurring. There 
fore, it is possible to formanip width uniformly over the axial 
direction of the pressure roller 22, thereby obtaining a finer 
image. 

Further, the arms 25b are disposed at least at a position 
corresponding to the two ends of the nip portion N, or at the 
outside thereof. More specifically, the arms 25b are disposed 
at the two end portions of a region of the fixing belt 21 which 
is subjected to the pressure from the pressure roller 22, or 
outside Such range so that it is possible to improve the 
strength of the base portion 25a against the pressure. Alter 
natively, a configuration in which three or more arms 25b are 
provided is possible. 

Further, in this embodiment, in order to improve the 
strength of the stay 25 further, the distal edge of the arm 25b 
is disposed as close as possible to the inner circumferential 
surface of the fixing belt 21. However, since the fixing belt 21 
shakes to a greater or less extent while the fixing belt 21 is 
rotating, the fixing belt 21 may touch the distal edge of the 
arm 25b when the distal edge of the arm 25b is disposed too 
close to the inner circumferential surface of the fixing belt 21. 
Particularly, in the configuration according to the present 
invention which employs the thin fixing belt 21, the shaking 
amount of the fixing belt 21 is large, accordingly, it should be 
careful to set the position of the distal end of the arm 25b. 
More specifically, in this embodiment, it is preferable to set 

a distanced between the distal end of the arm 25b shown in 
FIG. 8 and the inner circumferential surface of the fixing belt 
21 in the contacting direction of the pressure roller 22 to at 
least 2.0 mm, and more preferably, more than 3.0 mm. By 
contrast, when the fixing belt 21 is thick to some extent and 
there is little shake, it is possible to set the distanced to 0.02 
mm. Further, when the reflective member 26 is attached to the 
distal end of the arm 25b as in the present embodiment, it is 
necessary to set the distanced so that the reflective member 26 
is not in contact with the fixing belt 21. 

Thus, when the distal end of the arm 25b is disposed as 
close as possible to the inner circumferential surface of the 
fixing belt 21, it is possible to provide the arm 25b in a long 
area in the contacting direction of the pressure roller 22. With 
this configuration, even in the configuration using the fixing 
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12 
belt 21 having a small diameter, it is possible to improve the 
mechanical strength of the stay 25. 

Further, in this embodiment, in order to provide a bigger 
stay, the nip formation member 24 is formed compactly. More 
specifically, the width of the base pad 241 in the paper con 
veyance direction is formed small compared to the width of 
the stay 25 in the paper conveying direction. Further, in FIG. 
8, when the height of the end portion 24a of the base pad 241 
at the upstream side in the paper conveyance direction for the 
nip portion N or the virtual extension line Ethereof is h1 and 
the height of the end portion 24b of the base pad 241 at the 
downstream side in the paper conveyance direction for the nip 
portion N or the virtual extension line Ethereofish2, and the 
maximum height for the nip portion N other than the end 
portion 24a of the base pad 241 at the upstream side in the 
paper conveyance direction and the end portion 24b of the 
base pad 241 at the downstream side in the paper conveyance 
direction or the virtual extension line E thereof is h3, the 
fixing device is configured to satisfy the relation of h1sh3. 
and h2sh3. 

With this configuration, it is possible to dispose each bend 
ing portion closer to the inner circumferential Surface of the 
fixing belt 21 because the end portion 24a of the base pad 241 
at the upstream side in the paper conveyance direction and the 
end portion 24b of the base pad 241 at the downstream side in 
the paper conveyance direction are not intervening between 
each bending portion of the upstream side of the stay 25 and 
the downstream side of the stay 25 in the paper conveyance 
direction and the fixing belt 21. Accordingly, it is possible to 
provide the stay 25 in the limited space in the fixing belt 21 
with the largest possible size, thus, strengthening the stay 25. 

Further, in the configuration according to the present 
invention in which no guide member other than the nip form 
ing member 24 is provided between the fixing belt 21 and the 
stay 25 (the belt holding member 40 is provided at the end 
portion of the belt as a guide member), it is possible to dispose 
the stay 25 much closer to the fixing belt 21, thereby improv 
ing the strength of the stay further. 

In the stay 25 according to the present embodiment, both 
arms 25b are formed substantially perpendicular to the base 
portion 25a. However, as shown in FIG.9, both arms 25b may 
be provided in an outwardly inclined manner relative to the 
base portion 25a so that the tips of the arms 25b are farther 
apart than at the bases of the arms 25b where they attach to the 
base portion 25a. It is also possible to form the stay 25 in 
another shape. 

FIG.10 is another embodiment of the fixing device accord 
ing to the present invention. The fixing device 20 shown in 
FIG. 10 includes three halogen heaters 23 as the heating 
Source. In this case, the heat generating region is varied at 
each halogen heater 23 so as to heat the fixing belt 21 in a 
variety of ranges to correspond to papers having different 
widths. Further, in this case, a metal plate 250 is provided so 
as to Surround the nip forming member 24, and the nip form 
ing member 24 is supported by the stay 25 through the metal 
plate 250. The remaining configuration is basically the same 
as the configuration of the embodiment shown in FIG. 6. 

Accordingly, in this embodiment, similarly to the embodi 
ment described above, a part of the heat generating portion of 
the halogen heater 23 is surrounded by the base portion 25a 
and the arms 25b so that the direct heating region Q of the 
fixing belt 21 can be set to the appropriate range in which the 
fixing belt 21 does not kink and the fixing belt 21 can be 
heated efficiently. Further, in FIG. 10, “h 1”, “h2” and “h3” are 
the heights in the base pad 241, respectively, in the same 
manner as described above. In this embodiment also, in order 
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to provide the largest stay possible in the fixing belt 21, the 
fixing device is configured so as to satisfy the relation of 
h2sh3, and h1sh3. 
As described above, according to the present invention, a 

part of the heat generating portion of the heat source is Sur 
rounded by the base portion and the arms included in a Sup 
port member (stay), accordingly, the direct heating region of 
the fixing belt can be set to the appropriate range in which 
kinking is not generated and the fixing belt 21 can be heated 
efficiently. Therefore, it is possible to improve energy effi 
ciency, shorten the time to first print and maintain a good 
fixing capability. 

Particularly, in the configuration according to the present 
embodiment which employs the thin fixing belt 21, it tends to 
occur kinking easily, however, when the configuration 
according to the present invention is applied, it is possible to 
set the appropriate heat generating range in which kinking is 
not generated. 

Further, in the embodiment according to the present inven 
tion, the reflective member 26 covers the surface of the halo 
genheater 23 at the stay 25 side. Accordingly, it is possible to 
suppress the radiant heat being transmitted to the stay 25 from 
the halogen heater 23, thus, improving the energy efficiency. 

Further, in the embodiment described above, a pair of arms 
25b is arranged at a distance from each other, and each arm 
25b is disposed at the outer position than the two ends of the 
nip forming portion N so that the strength at the two ends of 
the base portion 25a can be improved, and it is possible to 
avoid the deflection formation at the two ends. Accordingly, it 
is possible to prevent the deflection of the nip forming mem 
ber 24 from occurring due to the contact of the pressure roller 
22. Consequently, it is possible to form the nip width uni 
formly over the axial direction of the pressure roller 22, 
thereby obtaining a fine image. 

Embodiments according to the present invention have been 
described above. However, the disclosure of the present 
invention is not limited to the embodiments described above, 
and, numerous additional modifications and variations are 
possible in light of the above teachings. Further, the fixing 
device according to the present invention can be mounted to a 
variety of image forming apparatuses in addition to the color 
laser printer shown in FIG. 5, for example, a monochromatic 
image informing apparatus, printers, facsimile machine, or 
multifunction apparatus that prints, faxes, copies, and so on. 
What is claimed is: 
1. A fixing device that fixes an image on a recording 

medium, comprising: 
a rotatable endless belt; 
a nip forming member provided inside a loop formed by the 

belt; 
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14 
a Support that Supports the nip forming member, the Sup 

port including a base portion that contacts the nip form 
ing member and exactly two arms extending from the 
base portion in a direction away from the nip forming 
member, 

a counter rotation body disposed outside the loop formed 
by the belt and configured to form a nip with the belt by 
being in contact with the nip forming member through 
the belt; 

a heat source configured to heat a portion of the belt 
directly by a radiant heat without directly heating any 
portion of the nip; and 

a reflector provided between the heat source and the Sup 
port to reflect the heat from the heat source, such that the 
reflector covers the Support without Surrounding an 
entirety of the Support, and a concave portion of the 
reflector extending between the two arms of the support, 

wherein a first portion of the heat source is positioned to be 
directly between the two arms of the support and within 
the concave portion of the reflector, and a second portion 
of the heat source is positioned to be outside of the two 
arms of the support and the reflector. 

2. The fixing device according to claim 1, wherein at least 
part of the reflector is disposed at a position closer to the 
Support than to the heat Source. 

3. The fixing device according to claim 1, wherein the 
reflector extends over an area equivalent to a maximum width 
of the recording medium. 

4. The fixing device according to claim 1, wherein the two 
arms are disposed at each end portion in an upstream side and 
a downstream side of the base portion in a recording medium 
conveyance direction. 

5. The fixing device according to claim 1, wherein the two 
arms are separated by a distance equal to a width of the nip in 
a recording medium conveyance direction. 

6. An image forming apparatus comprising the fixing 
device of claim 1. 

7. The fixing device according to claim 1, wherein the two 
arms are separated by a distance greater than a width of the 
nip in a recording medium conveyance direction. 

8. The fixing device according to claim 1, wherein a shape 
of the concave portion of the reflector corresponds to a shape 
of a surface of the first portion of the heat source disposed 
between the two arms of the support. 
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